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Signal transducer and activator of 
transcription- 1 (STATl) plays a 
role in the transduction of stress and 
cytokine responses, DNA damage, and 
activation of B and T cell immune 
responses. The ability of STATl to act 
as a pro- or anti-apoptotic signaling mole- 
cule depends upon the cellular environ- 
ment and stimulus. Post-translational 
modifications provide the main method 
of control over the function of STATl, 
however, recent data in the breast has 
shown that loss of STATl from both the 
tumor and the surrounding mammary 
epithelium gready influence the develop- 
ment and response to treatment of breast 
cancers. Here, we discuss the recent 
findings of Chan et al. in Breast Cancer 
Research who described a new role for 
STATl in the development of estrogen 
receptor (ER)-positive and progesterone 
receptor (PR) -positive luminal breast 
cancers. 

STATl is an important signaling protein 
in stress responses and is the main 
transducer of signals from the interferon 
(IFN)-y receptor, it as an important 
player in the response to viral infection. 
In a similar manner to the well known 
tumor suppressors retinoblastoma protein 
and p53, STATl appears to play distinct 
roles depending on the cell type and 
tissue context. STATl is also activated 
upon exposure to UV irradiation, bacterial 
lipopolysaccharide, IFNoc, interleukin 
(IL)-2, IL-12, B cell and T cell receptor 
crosslinking and other stumuli 1 and has 
been identified as a potent activator of 
cell death. Downstream signaling from 
IFNy receptors leads to activation of the 
Janus activate kinases (JAKs), which 



subsequently phosphorylate STATl at a 
conserved tyrosine residue in the 
C-terminal transactivation domain 
(Y701). Phosphorylation of Y701 by 
JAKs can lead to homo- or hetero- 
dimerization of STATl, which then 
requires additional phosphorylation of a 
C-terminal serine (S727) for optimal 
transactivation activity. Mutation of this 
residue to alanine does not affect DNA 
binding but reduces activity at the inter- 
feron-regulatory factor 1 promoter by 
80%. 2 Multiple kinases have been iden- 
tified as being responsible for S727 
phosphorylation. These include CK2 3,4 
and the double-stranded RNA activated 
protein kinase AKT. 5 " 9 Phospho- 
rylation of both Y701 and S727 has been 
shown to be essential for STATl depend- 
ent induction of cell death. 10 " 12 Activated 
STATl dimers translocate to the nucleus 
where they can bind to DNA response 
elements located in the promoter of target 
genes and recruit co-factors such as CREB 
binding protein, which in-turn enhances 
binding of RNA polymerase to the 
promoter, initiating transcription. 13 

STATl has also been shown to be 
activated following DNA damage 13 forming 
a complex which contains p53 (and possibly 
other proteins which bind to both p53 and 
STATl such as p73 14 ) this enhances the 
transactivation activity of p53, resulting in 
increased expression of Box, Noxa and 
FasLP Furthermore, STATl protein 
stability correlates with cell survival, thus 
having a powerful influence on cellular 
homeostasis, 16 indicating that STATl may 
influence both tumor development and 
growth in certain tissue microenvironments. 

In the past three years a number of 
groups have shown STATl to be important 
in the development of breast cancers. 17 " 22 
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Chan et al. have recently added to this body 
of work and demonstrated that STAT1 is 
present at higher levels in stromal tissue 
than in tumorogenic tissue, whereas pre- 
vious data had only suggested a role for 
STAT1 within tumors and the surrounding 
mammary epithelial tissue. They also 
demonstrate that STAT1 expression is 
higher in ER-negative, stromal tissue than 
in patient samples from ER-positive stro- 
mal tissue. These results suggest that not 
only does reduction of STAT1 expression 
correlate with development of breast car- 
cinoma in humans but that ER expression 
reduces STATl expression, therefore sug- 
gesting that loss of STATl may be 
important in the development of ER- 
positive breast tumors. In addition to the 
role of STATl in breast tissue there is a 
possible role for STATl in immune cells 
which infiltrate the area of the mammary 
gland. This may stimulate stromal cells in a 
way that drives tumorogenesis. The role of 
STATl in IFNy transduction as part of the 
innate immune system has been carefully 
dissected in cells with consideration to its 
role in "front line" immune protection, 
however, the role of STATl in the 
development of tumors as they escape 
immune surveillance has rarely been 
considered. 

To date most mechanistic work has 
been performed in STATl mice which 
generate an N-terminally truncated 
STATl protein product 23 (denoted here 
as Taconic mice). Chan et al. report in 
their recent Breast Cancer Research paper 
that STATl mammary tumors from 
Taconic STATl mice closely recapitu- 
late ER-positive, PR-positive luminal 
breast cancers. They show well-defined 
progression kinetics and reproducible and 
homogenous characteristics at the histo- 
pathological, biological and molecular 
levels. These Taconic STATl tumors 
possess increased levels of ERot and PR 
plus other modulators, all of which are 
actively controlled by ERa and are sensi- 
tive to endocrine therapy. In a similar 
scenario to HER2/ErbB2 overexpression 
breast cancer models, 18 Chan et al. 
demonstrated that Taconic STATl 
tumors grew more slowly in STATl 
sufficient than Taconic STATl recipi- 
ents. 19 In both cases multiparous mice 
showed a shorter mean time to tumor 



development, regardless of genotype. This 
was significant since previous work had 
shown that nulliparous mice display a 
higher percentage of STATl positive cells 
than cells from parous human breast 
tissue, suggesting that lower expression of 
STATl protein may reflect a susceptibility 
to breast cancer development, regardless of 
origin. 20 STATl tumors transplanted 
into wild type STATl recipients continue 
to grow with the exception of ovarecto- 
mized mice; conversely in Taconic 
STATl recipients tumors grew more 
rapidly than the wild type controls. Here, 
the tumor size reduced over time, an effect 
which was not mirrored in the wild type 
recipients. 19 

This novel work suggests that STATl 
in the immune system and surrounding 
mammary epithelial cells of the breast are 
centrally important for regulating tumor 
development. In 2011 Klover et al. 
reported in a conditional mammary epi- 
thelial STATl"'" ErbB2/Neu Tg model, 
breast cancer developed more rapidly than 
in the wild type counterpart initially, but 
that the significant difference between 
genotypes decreased with age. 17 This 
further suggested that it is not only the 
immune cells in the STATl sufficient 



mice that are preventing growth of the 
STATl deficient tumor but that mam- 
mary epithelium also plays a role in tumor 
development. 

One area that bears discussion is the 
nature of the STATl deletion in the 
various model systems that have been 
used. STATl has been shown to be 
phosphorylated by ER signaling 20 and 
has the ability to transduce IFNy signals 
which result in expression of IRF1. This 
in turn can sensitize anti-estrogen resistant 
cells to cell death from Fulvestrant. 21 
Chan et al. show no expression of the 
N-terminally truncated STATl in the 
spleen of Taconic STATl - '- mice by 
immunohistochemistry (IHC) using a 
C-terminally-directed STATl antibody. 
Previously an N-terminally truncated 
STATl protein has been observed in the 
liver of these mice. 23 Our own western 
blot data (Fig. 1) shows that this trun- 
cated protein also remains present in the 
spleen, albeit at a much lower level of 
expression compared with the full length 
form in wild type mice. Presumably the 
truncated form was not detected by IHC, 
as a result of the relatively low level of 
sensitivity of this technique and its low 
level of expression. The question that 
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Figure 1. Truncated STAT1 can be detected in spleens of Taconic STATl - '- mice but not in 
complete STAT1~ /_ mice. Spleens were taken from mice and homogenized in RIPA buffer. 
Thirty micrograms protein lysate was loaded per well on an 8% gel and separated by SDS PAGE. 
Western blotting was then performed using Santa Cruz p84/p91 STAT1 antibody clone E-23 
(sc-346), which is directed to the C-terminus and (3-actin antibody (Sigma). The immunoblotting 
demonstrates that the Taconic STATl - '- mice express a small, truncated form of STAT1 not 
observed in our complete STATl _/_ mice. Note, a lane in between the two boxes was deleted 
for clarity yet the samples were run on the same gel. 
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remains is whether this residual truncated 
protein might have a biological effect. 
In the same publication no significant 
difference in median time to tumor 
formation between Taconic STATl 
mice and complete STATl knockout 
mice generated by Levy and colleagues 
was reported. 24 However, although not 
statistically significant, potentially due to 
a lack of tumor penetrance, the mean 
time for tumor formation in the Taconic 
STATl _/ ~ mice was approximately 23 mo 
compared with 14.5 mo for the complete 
knockout mouse, perhaps indicating that a 
residual STATl function remains in the 
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